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 Abstract: This paper examines the relationship between manufacturing exports and imports 
of capital goods in Thailand using monthly data from January 2000 to July 2011. The results 
from bounds testing for cointegration show that there exists long-run equilibrium relationship 
between exports and imports of capital goods in manufacturing sector. In addition, the 
positive relationship between the growth rate of imports of capital goods and the growth rate 
of manufacturing exports is observed. The results support the notion that foreign capital is 
essential in the process of industrialization, and thus economic growth. A decline in imports 
of capital goods will reduce manufacturing exports and impedes economic growth in the 
future. It is also likely that exports of manufactured products are the main source of foreign 
exchanges to finance imports of capital goods which cannot be produced in the country due 
to comparative disadvantage. Manufacturing exports will stimulate growth in the future.                 
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1. Introduction  
The long-run effect of capital accumulation on economic growth has been widely recognized 
in the economic development literature. Countries that reach high level of economic 
development seem to have higher equipment investment rates [1]. However, most of the 
world capital goods are produced in a small number of research and development (R&D)-
intensive countries, while the rest of the world generally imports its capital equipment. 
Imports of capital goods by developing countries can be the key carriers of international 
spillovers from developed countries. Nevertheless, barriers to trade in capital equipment 
cause differences in productivity across countries [2]. Most of developing countries rely on 
imports of capital goods, which can boost national productive capacity by increasing total 
factor productivity, drive structural changes and increase competitiveness in the world market 
[3]. In addition, the quality of imported capital stocks differs with its composition, and thus 
the overall contribution to growth is different across countries [4]. In the international trade 
and trade policy literature, an open economy can benefit from importing foreign inputs in that 
they are important determinant of the link between trade and growth. The crucial role of 
international trade is to stimulate growth by providing a wider range of intermediate inputs, 
which in turn facilitates more R&D or learning by doing activities [5]. The contrary view is 
that trade can have a negative impact on growth of one trading partner, which is usually the 
less developed country (LDC). For LDCs, trade with developed countries can be harmful to 
their industrialization, and thus makes poor countries remain poor [6]. 
     Development economists also recognize that foreign capital and inputs are essential in the 
process of industrialization, and thus economic growth. According to [7], a decrease in 
imports of capital goods will reduce the growth rate. Using cross-country data for the period 
1960-1985, [8] finds that the ratio of imports in investment or the ratio of imported to 
domestically-produced capital goods has significantly positive effects on per capita income 
growth rate across countries, but the share of total imports in GDP has no role in growth. The 
empirical results are consistent with the notion that imported capital goods have a higher 
productivity than domestically-produced capital goods. Similar finding using panel data is 
that investment in domestically produced equipment reduces the growth rate while 
investment in imported equipment increases it [9]. On the contrary, [10] employs and 
augmented  Solow model to control for the roles of human capital and labor force growth and 
finds an evidence showing that returns to equipment investment are very high in developing 
countries. Furthermore, it can be argued that developing countries that have a comparative 
disadvantage in machinery production, but a comparative advantage in consumer goods 
production, can benefit from trade in terms of growth through the importation of cheaper and 
better machinery.  Some economists also emphasize the role of human capital, for example 
[11] finds a negative relationship between imports of capital goods and growth for countries 
with lowest level of human capital. The positive relationship is minimal in countries with low 
level of human capital. For countries without the resources to take advantage of the embodied 
advanced technology, investing in imported capital good can be unproductive. 
     Most of capital goods (machinery and equipment) operated in developing Asian countries, 
including Thailand, are imported. Imported capital goods enhance technological capability 
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through exports of high value-added goods that requires modern technology [12]. The 
statistics showing technological readiness index scores of selected Asia-Pacific countries 
from 2008 to 2009 indicate that Thailand ranked ninth with the index score of 3.37, while 
Singapore had the highest index score [3]. In the late 1970s, Thailand switched from the 
import-substitution to exported-oriented policy. The intensive export promotion began in the 
early 1980s. The high economic growth rates were observed in the late 1980s until the 1997 
financial crisis. Trade policy with tariff reduction has induced imports of machinery along 
with raw materials and semi-finished products. The share of manufacturing exports in total 
exports accounted for almost 90 percent during 1993 to 2008. The export-led growth 
hypothesis is valid for Thailand [13]. The long-run relationship between to total exports and 
quarterly GDP exists. This relationship is the same using only manufacturing exports. 
     In this study, the role of manufacturing exports on growth is not the main focus, but rather 
examines the relationship between manufacturing exports and imports of capital goods during 
January 2000 and July 2011.1  The real effective exchange rate is also included in the 
cointegrating equation to examine the impact of this variable on manufacturing exports and 
imports of capital goods. Furthermore, movements in real effective exchange rate can capture 
the impact of the 2007 subprime crisis in the United States. A swing in the exchange rate can 
be the evidence of the subprime crisis provided that the crisis imposes an adverse effect on 
the Thai economy. The ARDL-ECM model, also known as ‘bounds testing for cointegration’, 
proposed by [14] is used to analyze the level relationship among manufacturing exports, 
imports of capital goods and real effective exchange rate.2 The advantage of this procedure is 
that it does not require that all variables be integrated of order one (or be I(1) series) as 
required by other tests of cointegration. The bounds testing for coinegration can be used even 
though variables are integrated of order zero or order one, or mutually coin tegrated. The 
results show that there is a long-run relationship between manufacturing imports, imports of 
capital goods, and real effective exchange rate. In addition, there is a short-run relationship 
between the growth rate of manufacturing exports and the growth rate of imported capital 
goods. The paper is organized as follows. Section 2 describes the data and the methods of 
estimation. Section 3 presents empirical results. The last section gives conclusion with  policy 
implication. 
2. Data and Methodology 
2.1 Data 
     In order to test the cointegration of variables, the monthly data of manufacturing 
production, manufacturing exports, imports of capital goods, and real effective exchange rate 
are retrieved from the Bank of Thailand during January 2000 and July 2011. All series are in 
the quantity indexes, except for real effective exchange rate, which is the index of weighted 
average of foreign currencies per domestic currency (Thai baht). The sample size is 139 
month. All series are seasonally adjusted by the author. 
 
 
                                                           
1
 This period is quite restricted due to the availability of the monthly data. Also, it is the period after the turmoil 
from the 1997 Asian financial crisis. 
2
 Many studies employ this procedure to examine the relationship between total exports and total imports, see 
[15], [16], and [17] for example. However, these studies shed light on how countries face trade deficits or 
surpluses.  
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2.2 Cointegration Tests 
     The multivariate cointegration test with three variables in each equation is adopted to 
determine the short-run and long-run relationship among variables. The following long-run 
equations are specified as: 
                                            tttt eraxaay ε+++= 210                                                 (1) 
                                            tttt eerbmbby +++= 210                                                 (2) 
                                            tttt uercmccx +++= 210                                                (3) 
and                                      tttt verdxddm +++= 210                                                (4) 
where y is the log of manufacturing production index, x is the log of manufacturing exports 
index, m is the log of imports of capital goods index, and er is the log of real effective 
exchange rate index.  The above equations can be estimated by the ordinary least square 
(OLS) method. 
     A conditional autoregressive distributed lag (ARDL) and error correction mechanism 
(ECM) proposed by [14] can be used to test for cointegration of variables in all four 
equations. The ARDL models are specified as 
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where p, q, and r are the optimal number of lagged differences of the three-variable ARDL 
models. The grid search method can be used for selecting p, q, and r from the most 
parsimonious ARDL(p,q,r) model. By adding the appropriate lagged level variables into 
Equations (5) to (8), the computed F-statistics are obtained by estimating the following 
equations. 
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     To examine whether cointegration exists, one can use the computed F-statistic to compare 
with the critical values of [14]. If the computed F-statistic is above the upper bound critical 
value, the null hypothesis of no cointegration is rejected. When the computed F-statistic is 
below the lower bound critical value, the null hypothesis is accepted. The computed F-
statistic taking the value between the upper and low bound critical value indicates that the 
result is inconclusive. If cointegration exists, replacing the lagged level variables in each 
equation with the one-period lagged error term from the estimated long-run equation will 
yield the coefficient of the error correction term.  
2.3 Short-Run Dynamics 
     When cointegration exists, the ECM model can explain adjustment toward long-run 
equilibrium. The ECM models can be specified as follows. 
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     The significance of the estimated coefficient of the error correction term is important in 
that it shows the speed of adjustment toward the long-run equilibrium and the existence of 
long-run causality. When cointegration does not exist, the standard Granger causality test 
proposed by [18] can be performed on stationary series, either level or first difference 
stationary. Without the error correction term, the orders p, q, and r should be equal and the 
criterion for choosing the optimal lag length is Akaike Information Criterion (AIC). The 
equations (13) to (16), will be reduced to one-directional causality test. 
3.Empirical Results 
3.1 Results of Unit Root Tests 
    Before performing cointegration tests, the two popular unit root tests, Augmented Dickey-
Fuller (ADF) test proposed by [19] and Phillips and Perron (PP) test proposed by [20] are 
employed.  The results of unit root tests are reported in Table 1. 
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Table 1 Unit Root Tests Results 
Variable ADF test 
(constant) 
ADF test 
(constant&trend) 
PP test 
(constant) 
PP test 
(constant&trend) 
y 2.019 [5] 
(0.999) 
-3.005 [5] 
(0.135) 
2.006 [28] 
(0.999) 
-2.843 [13] 
(0.185) 
∆y -5.692 [4] 
(0.000)*** 
-6.503 [4] 
(0.000)*** 
-19.283 [3] 
(0.000)*** 
-22.124 [10] 
(0.000)*** 
x 0.249 [13] 
(0.975) 
-3.703 [9] 
(0.026)** 
0.003 [15] 
(0.957) 
-3.460 [0] 
(0.048)** 
∆x -4.064 [12] 
(0.002)*** 
-4.140 [12] 
(0.007)*** 
-17.135 [2] 
(0.000)*** 
-17.003 [3] 
(0.000)*** 
m -0.448 [2] 
(0.889) 
-2.746 [2] 
(0.220) 
-1.293 [7] 
(0.632) 
-5.583 [6] 
(0.000)*** 
∆m -12.523 [12] 
(0.002)*** 
-12.495 [1] 
(0.000)*** 
-21.895 [14] 
(0.000)*** 
-22.479 [15] 
(0.004)*** 
er -0.650 [1] 
(0.854) 
-3.047 [1] 
(0.124) 
-0.705 [5] 
(0.841) 
-2.783 [4] 
(0.206) 
∆er -9.104 [0] 
(0.000)*** 
-9.198 [0] 
(0.000)*** 
-9.149 [3] 
(0.000)*** 
-9.215 [3] 
(0.000)*** 
Note: a. The number in brackets is the optimal lag length determined by AIC for the ADF  
              tests and the optimal bandwidth determined by the Bartlett kernel. 
          b. The number in parentheses is the p-value provided by [21]. 
          c. ***, and ** denote 1 and 5 percent significance level, respectively.  
 
     The ADF and PP tests with a constant only and a constant and a trend are used to 
determine the stationarity property of each series. All tests indicate that the log of 
manufacturing output (x) and the log of real effective exchange rate (er) are integrated of 
order one, i.e., they are I(1) series. However, the PP test with a constant and a trend indicate 
that the log of exports (x) and the log of imports of capital goods (m) are statationary in the 
levels or integrated of order(0) , I(0), while the other tests indicate that both of them are I(1) 
series. Therefore it can be concluded the data show the complex nature of the time series 
property. Even though the ARDL bounds testing for cointegration does not require unit root 
tests, the results show that the series might be mixed between I(0) and I(1). In addition, the 
maximum order of integration of all series does not exceed one as required by this method of 
cointegration test.  
 3.2 Results from ARDL Bounds Testing for Cointegration    
    Alternative cointegration tests such as [22] and [23] tests are not used because all series are 
not I(1) as required by both tests. Instead, the ARDL bounds testing for cointegration is 
suitable to use, and the procedure consists of three steps: (1) Estimating OLS regression with 
the first difference of the variables in Equations (5) – (8), (2) adding lagged-level variables 
and conducting the variable addition test specified in equations (9) – (12), and (3) obtaining 
the computed F-statistics from step 2, and then compare them with the bound critical values 
that have two asymptotic critical values. The lower bound critical value assumes that the 
series are I(0) while the upper bound critical value assumes that they are I(1). 
     The lag length is chosen by the grid search method. With the small sample size of 139 
observations, the search starts from the lowest number of lags and find the ARDL model that 
is free of serial correlation. Equations (5) – (8) have the ARDL (2,1,0), ARDL (2,1,0), ARDL 
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(2,0,0), and ARDL(2,1,0)  respectively. The estimates of equations (9) to (12) are reported in 
Table 2.  
Table 2 Results from Bounds Testing for Cointegration 
A. Output and Exports 
     ∆yt = - 0.372 - 0.568∆yt-1 – 0.158∆yt-2 – 0.036∆xt – 0.047∆xt-1 + 0.399∆ert + 0.430∆ert-1  
              (-1.412) (-6.354)*** (-1.824)*      (-0.723)     (-0.951)        (1.702)*      (1.814) 
              -0.042yt-1 + 0.028xt-1 + 0.099ert-1 
              (-1.354)     (1.157)       (1.344) 
     R2 = 0.335, Chi-square (df=2) = 4.156 (p = 0.125) 
B. Output and Imports of Capital Goods 
     ∆yt = - 0.418 -  0.564∆yt-1 – 0.200∆yt-2 – 0.002∆mt – 0.079∆mt-1 + 0.441∆ert + 0.381∆ert-1  
              (-1.592)  (-6.483)***  (-1.398)    (-0.068)      (-2.653)***     (1.924)       (1.630) 
              - 0.041yt-1 + 0.024mt-1 + 0.111ert-1 
               (-1.383)    (1.255)         (1.497)  
     R2 = 0.361, Chi-square (df=2) = 4.482 (p = 0.110)  
C. Exports and Imports of Capital Goods 
      ∆xt =  -1.058    -  0.029∆xt-1  – 0.095∆xt-2 + 0.282∆mt - 0.116∆rt  – 0.321xt-1 + 0.259 mt-1  
               (-2.560)** (-2.350)** (   -1.164)         (5.275)*** (-0.308)  (-4.098)*** (3.965)***       
               + 0.282ert-1 
                 (2.593)**       
     R2 = 0.333, Chi-square (df=2) = 1.462 (p = 0.481)  
D. Imports of Capital Goods and Exports 
     ∆mt = -1.626      - 0.149∆mt-1 – 0.080∆mt-2  + 0.632∆xt - 0.233∆xt-1 - 0.329∆ert – 0.588mt-1 
               (2.632)***(-1.525)       (-1.114)          (5.289)*** (-1.707)*    (-0.588)     (-5.742)*** 
              + 0.677xt-1  - 0.420ert-1 
               (5.587)*** (-2.584)** 
     R2 = 0.453, Chi-square (df=2) = 4.383 (p = 0.112)  
Note: The numbers in parenthesis are t-statistics; *, **, and *** denote significance at 10, 5, and 1 
percent, respectively; Chi-square is the test-statistic for serial correlation in the ARDL(p, q,r) model; 
p is the probability of accepting the null hypothesis of no rerial correlation in the residuals of the 
estimated equation. 
 
     The chi-square statistics in Table 2 test the null hypothesis that there is no serial 
correlation in the residuals of each estimated equation. This is a necessary condition for the 
bounds testing for cointegration. The results show that the null hypothesis is accepted in each 
equation. Since the ARDL model excludes the one-period lagged variables, adding the one-
period lagged level of the three variables to the ARDL models yields the computed F-
statistics reported in Table 3.  
     In Table 3, no cointegration is found for the output and manufacturing exports (Panel A), 
and output with imports of capital goods (Panel B) because the computed F-statistics of 1.490 
and 1.503 are below the lower bound critical value of 3.17 at the 10 percent level of 
significance. The computed F-statistic for the exports and the imports of capital good 
equations (Panels C and D) are 5.672 and 11.040 respectively, and are above the upper bound 
critical value of 4.85 at the 5 percent level of significance. There for the null hypothesis of no 
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cointegration is rejected. Thus it can be concluded that there is long-run relationship between 
manufacturing exports and imports of capital goods.3 
Table 3 Computed F-Statistics 
Equations F-Statistics 
A. Output and Exports 1.490 
B. Output and Imports of Capital Goods 1.503 
C. Exports and Imports of Capital Goods 5.672 
D. Imports of Capital Goods and Exports 11.040 
Bounds Critical Values 
F-Statistics Critical Values 
3.79 to 4.85 5 % 
3.17 to 4.14 10 % 
Criteria Cointegration 
Above the Upper Bound Critical Value Cointegrated 
Below the Lower Bound Critical Value Not-integrated 
Between the Upper and Lower Bound Inconclusive 
Source: From Table CI(iii) Case III in [14]. 
    
     Since no cointegrating relation is found for the estimates of Panels A and B in Table 2, 
Granger causality test is performed on first, differences of variables.4 The null hypothesis that 
the growth rate of manufacturing exports does not cause the growth rate of manufacturing 
output is accepted [F-statistic is 1.853 (p=0.123)]. However, the null hypothesis that the 
growth rate of imported capital goods does not cause the growth rate of manufacturing output 
is rejected at the 5 percent level of significance [F-statistic is 6.415 (p=0.012)]. Therefore, it 
can be claimed that an increase in imports of foreign capital enhances manufacturing output 
growth. This is consistent with the notion that foreign capitals are essential in the process of 
industrialization. 
 
3.3 Results of Long-run Relationship between Exports and Imports of Capital Goods 
   The long-run relationship between manufacturing exports, imports of capital goods and real 
effective exchange rate is shown in Panel A of Table 4, while the long-run relationship 
between imports of capital goods, exports and real effective exchange rate is in Panel B. 
 
 
 
 
 
                                                           
3
 Even though there are no long-run relationship between manufacturing output and manufacturing exports, and 
manufacturing output and import of capital goods, but imports of capital goods positively affect manufacturing 
exports. The empirical evidence from [13] shows that manufacturing exports positively affect real GDP of the 
country. 
4
 The optimal lag for y, x, and er is 4 and for y, m, and er is one, which is determined by AIC. 
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Table 4 Long-run Relationship between Exports and Imports of Capital Goods 
Cointegrating Equation Test for Structural Break 
A.  xt = -3.533      +  0.764mt   +   0.984ert 
           (-8.093)***  (29.992)***  (8.719)*** 
       R2 = 0.959  F = 1609.349 
No  structural break 
B.  mt = 2.584     +   1.137xt      –  0.664ert 
            (4.243)***  (29.992)***  (-4.191)*** 
       R2 = 0.959  F = 1609.349  
No structural break 
Note: F-statsitics are in parenthesis; *** denotes significance at the 1 percent level. 
 
     In Panel A of Table 4, a one-percent increase in imports of capital goods causes 
manufacturing exports to increase by 0.764 percent. A rise in real effective exchange rate (or 
real depreciation of domestic currency) cause manufacturing exports to increase by 0.984 
percent. In Panel B of the table, a one-percent increase in manufacturing exports causes the 
imports of capital goods to rise by 1.137 percent. The impact of real exchange rate on imports 
and exports are consistent with the generalized condition in the international trade theory. A 
one-percent increase in real effective exchange rate causes imports of capital goods to fall by 
0.664 percent and exports of manufactured products to rise by 0.764 percent.      
     The long-run equation should be stable when cointegration exists. In addition, the stability 
of long-run relationship can be evidenced by the significant of the estimated coefficient of the 
error correction term in the short-run dynamics.  
3.4 Results of Short-Run Dynamics 
     The error correction mechanism (ECM) models are estimated by adding the appropriate 
error correction term to the ARDL specified in Equations (15) and (16). The error correction 
terms (ECT) are the one-period lagged residuals (or error terms) of the cointegrating 
equations. The results of the estimated ECM models showing short-run dynamics are 
reported in Table 5. 
 Table 5 Results of Short-Run Dynamics 
A. Exports 
     ∆xt = 0.007 – 0.208∆xt-1 – 0.094∆x t-2 + 0.274∆mt - 0.070∆ert – 0.317ut-1   
           (1.868)* (-2.357)**   (-1.166)        (5.310)***  (-0.193)     (-4.084)*** 
     R2 = 0.330   F = 12.833  D-W = 1.975 
B. Imports of Capital Goods 
    ∆mt = 0.007 – 0.148∆mt-1 – 0.080∆m t-2 + 0.628∆xt – 0.230∆xt-1 - 0.300∆ert – 0.588vt-1  
            (1.311)  (-1.527)        (-1.119)           (5.339)***(-1.706)      (-0.554)     (-5.794)*** 
     R2 = 0.453   F = 17.818  D-W = 2.003 
Note: The numbers in parenthesis are t-statistics; ***, **, and * denote significance at the 1, 5, and 10 
percent respectively.  
 
     Since the ARDL models are free of autocorrelation, the estimated ECM models are also 
free of autocorrelation. The ARCH LM test shows not autoregressive heteroskedasticity in 
both Panels A and B of Table 5. In addition, the null hypothesis of normality in the residuals 
cannot be rejected. The results seem to support the adequacy of the estimated ECM models. 
The estimated coefficients of the one-period lagged error terms (ut-1 and vt-1) are between 0 
and -1, and highly statistically significant in both estimated equations, i.e., -0.317 and -0.588. 
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These results also confirm the existence of long-run equilibrium relationship among variables 
included in the two equations. Any deviation from long-run equilibrium will be corrected. In 
Granger causality sense, there exists long-run causality running from imports of capital goods 
and real effective exchange rate to manufacturing exports. Similarly, there also exists long-
run causality running from manufacturing exports and real effective exchange rate to imports 
of capital goods.  For short-run relationship, there is significantly positive relation between 
the growth rate of manufacturing exports and the growth rate of imports of capital goods with 
the coefficients of 0.274 and 0.628 in Panels A and B respectively. However, the change in 
real effective exchange rate plays no role in the short run. 
     The results from the present study show that there is significant long-run relationship 
between manufactured exports and imports of capital goods. In the short-run, the growth rate 
of manufactured exports and the growth rate of imports of capital goods are strongly related. 
Whether the structure of tariffs should be changed need further research works. According to 
[24], there is causality between skill-bias (caused by protection) and productivity growth. 
Adequate skill-intensive target can enhance growth, not only in the targeted sector, but also in 
other sectors. 
4. Conclusion 
     Bounds testing for cointegration can be used to test the level relationship between 
variables and does not require unit root tests. However, the complex nature of the property of 
time series can be known using the popular ADF and PP tests. The justification for 
employing the bounds test is that all variables are not I(1) series. The critical values provided 
are for the mixed between I(0) and I(1) series. If any variable is second order difference 
stationary or I(2), the procedure should not be valid.  The results from cointegration test show 
that exports of manufactured products and imports of capital goods are cointegrated or have a 
long-run relationship. The impact of real effective exchange rate on manufacturing exports is 
positive while that the impact real effective exchange rate on imports of capital goods is 
negative. The traditional QSUM of square test is adopted, and the results show that the 
estimated cointegrating equations are stable. Additionally, the ECM model for an analysis of 
the short-run dynamics gives the significant coefficient of the error correction term, which 
implies that there exists long-run causality between variables in the specified model. The 
short-run relationship between the growth rate of manufacturing exports and that of imports 
of capital goods is positive. This indicates the interdependency of these two variables. Since 
coinintegration between manufacturing output and exports as well as output and imports of 
capital goods is not found. The standard Granger causality test is performed on first 
differences of variables. The causality test results show that the growth rate of manufacturing 
output does not depend on the growth rate of manufacturing exports, but depends on the 
growth rate of imports of capital goods. 
    Since an increase in imported capital goods Granger causes manufacturing production and 
manufacturing exports. The results are consistent with the notion that foreign capitals are 
essential in the industrialization process, and thus economic growth. The policy implication is 
that Thailand cannot reduce the imports of capital goods. Otherwise, manufacturing output 
and exports will decrease, which in turn can harm the overall growth rate. However, further 
research should emphasize the impact of imported capitals on total factor productivity growth 
if the data are available. 
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